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. We propose a nonspectator mechanism in which rj' is produced by two gluon fusion 

as the underlying process to explain the inclusive B — > Xs rj' as well as the exclusive 
B K^*">ri' decays. 

> 

The CLEO collaboration has recently discovered an unexciectedly large 
\ branching ratio for the semi-inclusive hadronic B Xgr]' decaja: 
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BR{B XsT]') ^ (7.5 ± 1.5 ± 1.1) X 10"'' 2.0 < pr,' < 2.7 GeV . (1) 



■ The corresponding exclusive decay rate has also been measured: 

^, BR{B ^Kr^')^ {7. 8tll± 1.0) X 10-^ . (2) 

^ Possible mechanisms bchijad -tiiis large production of fast 77' meson have been 
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D , discussed in recent papcrioiJ'QBQ. In this paper, we investigate the possibility 

' that a somewhat different process might be the underlying mechanism for 

B Xgi]' . We propose a non-spectator process in which 77' is produced via 
fusion of the gluon from QCD penguin b sg* and another one emitted 
by the light quark inside B meson. We also calculate the branching ratios 
■ BR{B -> Kt]') and BR{B -> K*r]') in the context of factorization. The 

effective Hamiltonian can be written as: 

i?e// = OT(s-7^(l - 75)T°6)(g-7^T°g) ^ 6^-^^p;3 , (3) 

P g 

where 

and the effective gluon mass Mg is due to bound state effects. Alternatively, 
one may use the usual gluon propagator (no effective mass) along with a model 
which incorporates the binding effects and off-shellness of the light quark inside 
B meson. H is the form factor parametrizing ggrj' vertex. In writing (3) we 
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considered only the dominant chromo-electric operator. A re- arrangement of 
(3) via Fierz transformation and using the definition for the B meson decay 
constant fs results in: 



<ri'Xs\H,,ff\B>^ 



9(p2 - M2) 
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m,q + nib 



(57^7^(1 + 75)9) 
(5) 



Hereafter, we take the light quark mass ruq = 0. Using the usual convention 
for the invariant variables s = (p^' + fc')^, t = {ps + k')^ and u = {ps +pjj')'^. 



dTjB Xsv') 
dtdu 



p'xUw -Y - ^){W -X)-XZ+{X - ^^)W^ 



q^ZW^ + XYZW +is-2Y - q^){X 



s + p 
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Y^Z - (s - 2r - q^W - Y 
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where W = (m-to^)/2, X = (mg -m2 + s)/2, Y = (ra^^, -p'^-q^)/2 and Z = 
{t—m1)l2. m\ —t\s the invariant mass of the final state strange hadron. The 
differential decay rate (6) depends on the virtualities of the internal gluons both 
expficitly and impficitly through the form factor H. However, H{p'^, q^,m'^,) is 
suppressed for large values of and q^. Therefore, the dominant contribution 
to the decay rate is expected to arise from small virtuality region. On the 
other hand, in the non-spectator mechanism, due to kinematical freedom, one 
can impose a constraint such as p^ = 0. Consequently, q^ can be expressed as: 



+ rnL — u + (t — m^)- 

' 1 



(7) 



For our numerical evaluations, we have taken — 4.5 GeV, nig — 0.15^ 
Alg ~ Aqcd ~ 0.3 GeV (see our explanation following eqn. (3)), — 0.2, 
fs = 0.2 GeV and 1^*1 = \VtbVtl\ \Vcb\ ~ 0.04 . In order to obtain the total 
branching ratio with the experimental cut 2.0 < p,f < 2.7 GeV, the differential 

"^For phase space calculation, nis is taken to be the constituent quark mass m^"""^*'*""^"' 
0.45 GeV. 
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decay rate is integrated over the range m^""'**'*"'*"* = 0.45 < mx^ < 2.32 GeV 
resulting in: 

BR{B Xsv') = 4.7 X 10"^ 2.0 < Pr,' < 2.7 GeV . (8) 

The momentum dependence of H{q^,0,m^,) has not been taken into account 

in the above estimate. However, even if one considers up to an order of mag- 
nitude suppression due to this form factor, our result indicates that the non- 
spectator mechanism is indeed the dominant process making up the bulk of the 
experimental data (1). Using cqn. (5) in conjunction with the factorization 
assumption and the definition of the decay constants Jk and Jk* for K and 
K* respectively, we obtain 

< T]'K\Heff\B >= -» Q^^2 _ (PB-qPK-p-PB-PPK-q) , (9) 



leading to the exclusive decay rate 



and 



CII I jj j I • ' 

< r]'K*\Heff\B >= \pB.qe.p-pB-pe.q (11) 

H — {-le^ '^Pk- ij,eaqaPi3 + Pk' -qe.p - Pk' -pe-q) 



resulting in 

(^2 tt2 f2 j-2 pi 

F{x) = {Ci+C3C5f-^ + {C2 + C^C,f{-q^ + -^) 

- 2(Ci+C3C5)(C2+C4C5)(-C6 + ^^) (12) 

+ Ci[mj,,C^-C3CeC4-C4{C3Ce-q^C4)] ' 

where 



C2 = 
C3 = 

C5 = 
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Eqns. (10) and (12) are derived by imposing the p"^ — constraint. \pk\ 
Upk-'I) a-iid pf) are the three momentum of the K{K*) meson and the energy 
change of the Hght quark in B meson rest frame, respectively: 
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(13) 
(14) 



niK — TO 



and using Eq 



constituent 



where Eq is the energy of the hght quark in meson. Inserting Eq = 

0.05 GeV in eq. (10) results in 

BR{B Krj') = 7.0 x 10"^ , (15) 

niK' ~ TOjo»«t^««'="* ^ 0.44GeV in (12) we obtain]]: 

BR{B K*Tj') = 3.4 X 10"^ . (16) 



We note that the results for exclusive decays should not be altered significantly 
due to momentum dependence of H. This is due to the fact that, unlike the 
inclusive process, for these decays is fixed at around 1 — 3 GeV^. Mea- 
surement of K* mode will be a crucial testing ground for various mechanisms 
suggested for rj' production in hadronic B decays. For example, our prediction 
is in contrast to r{B ^ K*r]') « 2T{B Krj') obtained from the proposed 
b — + CCS rj's process. We should also emphasize that the ratios of decays 

''We estimate ffc* 205 GeV'^ by using ifcjie experimental value of the ratio r{T — > 
K*-u.r)/r{T K-f-r) and /x = 0.167 GeVel. 
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T{B Kr]')/r{B Xsi) and T{B K*ii)/T{B Kr]'), calculated in our 
mechanism, are independent of the input parameters like as , /s and Mg , and 
therefore, free of the uncertainties associated with these parameters. 
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